




























This is an author-deposited version published in: http://oatao.univ-toulouse.fr/ 
Eprints ID: 8882 
 
To cite this version:  
 
Fazzini, Marina and Mistou, Sebastien and Karama, Moussa and Desmars, 
Bruno and Peres, Patrick Identification of elastomers by digital image 
correlation. (2007) In: 5th European Conference on Constitutive Models 
for Rubber, 04-07 Sep 2007, Paris, France. 
Open Archive Toulouse Archive Ouverte (OATAO)  
OATAO is an open access repository that collects the work of Toulouse researchers and 
makes it freely available over the web where possible.  
 





,Q WKH VHFWRU RI FLYLO DQG PLOLWDU\ ODXQFKHUV VRPH
VWUXFWXUDO FRQQHFWLRQV DUH LQ HODVWRPHU 7KHUH PD\
EHVHYHUDOUHDVRQVOHDGLQJWRWKHFKRLFHRIVXFKFRQ
QHFWLRQV  EDODQFH RI VWUDLQ GLIIHUHQFH EHWZHHQ WKH
WZR VXEVWUDWHV ILOWHULQJ RI KLJK IUHTXHQF\ G\QDPLF
SKHQRPHQDLPSRVVLELOLW\RIWUDQVIHUULQJORDGLQJYLD
ULYHWHG RU EROWHG FRQQHFWLRQV WDQNV IRU H[DPSOH
7KH VL]LQJDQG MXVWLILFDWLRQRI VXFKFRQQHFWLRQV UH
TXLUHSHUIHFWNQRZOHGJHRIPRGHOLQJ WKHLUEHKDYLRU




UHSUHVHQW LWV TXDVLLQFRPSUHVVLEOH K\SHUHODVWLF EH
KDYLRU IRU WKHYDULRXV W\SHVRI ORDGLQJ ,QDGGLWLRQ
WKH FRQVWLWXWLYH ODZV RI WKHVH ERQGHG FRQQHFWLRQV
DUH JHQHUDOO\ SURGXFHG E\ RSWLPL]DWLRQ LQ RUGHU WR
DGMXVW WKH HODVWRPHU EHKDYLRU XQGHU FHUWDLQ VLPSOH
W\SHVRI ORDGLQJXQLD[LDO WHQVLOHDQGFRPSUHVVLRQ
VLPSOHVKHDUHTXLELD[LDOWHQVLOH«





SDUWLFXODU DUHDV VXFK DV WKH FRQQHFWLRQ HQG 7KHVH
DUHDVKRZHYHURIWHQVHHPGLVWLQFWDWWKHWLPHRIYD
OLGDWLRQEHFDXVHRIHGJHHIIHFWVDQG ORDGV WUDQVPLW




VWHUHR FRUUHODWLRQ FDQ FRQWULEXWH FRQVLGHUDEO\ WR
PDVWHULQJ WKH PRGHOLQJ DQG VL]LQJ RI HODVWRPHULF
FRQQHFWLRQV &KHYDOLHU 	 0DUFR  /DUDED
$EEHVHWDO
,QGHHG WKHVH PHDVXUHPHQWV SURYLGH DFFXUDWH
DFFHVV WRGLVSODFHPHQWDQGVWUDLQILHOGVRYHUWKHWR
WDOLW\RIWKHPHDVXUHGDUHDDQGHVSHFLDOO\WRDUHDVLQ
ZKLFK PHQLVFXV HIIHFW DSSHDUV 7KXV TXDGUXSOH
VKHDULQJ WHVWV RQ DQ HODVWRPHU DFU\OR1LWULOH %XWD
GLHQH5XEEHUZHUHIROORZHGE\LPDJHVWHUHRFRUUH
ODWLRQXSWRKLJKZDUSLQJOHYHOV([SHULPHQ
WDO UHVXOWV REWDLQHG E\ WKLV WHFKQLTXH FRXOG WKXV EH
FRPSDUHGZLWK WKHRUHWLFDO DQDO\VLVXVLQJ WKHK\SHU
HODVWLFEHKDYLRU ODZVVHOHFWHG IRU WKLVPDWHULDO7KH






7KH K\SHUHODVWLF EHKDYLRU ODZV VWUDLQVWUHVV UHOD
WLRQV DUH IRUPXODWHG IURP K\SHUHODVWLF SRWHQWLDOV
GHQVLW\ RI VWUDLQ HQHUJ\ 7KHVH GHQVLWLHV RI VWUDLQ
HQHUJ\RIWHQFDOOHG:DUHZULWWHQVWDUWLQJIURPWKH
LQYDULDEOHV RI WKH &DXFK\ *UHHQ HORQJDWLRQ WHQVRU
, , DQG ,RUGLUHFWO\ IURP WKHPDLQ HORQJDWLRQVȜ Ȝ DQG Ȝ ,Q WKHVH UHODWLRQV FRHIILFLHQWV &LZKLFKUHSUHVHQWWKHPHFKDQLFDOSURSHUWLHVRIWKHPD
WHULDOFRPSXWHGDOVRLQWHUYHQH





















7KH FRPSRQHQWV RI WKH 3LROD .LUFKKRII VHFRQG












































































WRPHU XQLD[LDO WHQVLOH DQG FRPSUHVVLRQ VLPSOH
VKHDUSXUHVKHDUDQGHTXLELD[LDO WHQVLOH7KHSDUD
PHWHUVRIWKH$OH[DQGHUODZZHUHGHWHUPLQHGE\RS
WLPL]DWLRQ LQ RUGHU WR DGMXVW DVZHOO DV SRVVLEOH DOO








KDYLRU RI WKH HODVWRPHU WR EH UHSUHVHQWHG LQ VLPSOH
VKHDULQJ )LJXUHZLWK LQSDUWLFXODU DJRRG UHSUH
VHQWDWLRQRIWKHVWLIIHQLQJDWZHDNZDUSLQJXQLD[LDO
FRPSUHVVLRQ DQG HTXLELD[LDO WHQVLOH7KHFRPSUHV
VLELOLW\ FRHIILFLHQW RI WKH HODVWRPHU LV FKDUDFWHUL]HG
E\ K\GURVWDWLF FRPSUHVVLRQ WHVWV 3LURQ	 6RXIIOHW
2QWKHRWKHUKDQGWKHUHOHYDQFHRIWKLVODZLV











JUH\ OHYHO DQDO\VLV RI WKH LPDJHV :DWWULVVH HW DO
*LYHQ WZR LPDJHV FRUUHVSRQGLQJ WR WZRGH
IRUPDWLRQ VWDWHV RI DQ REMHFW WR GHWHUPLQH WKH FRU
UHVSRQGHQW RI D SRLQW DQG LWV VLJQDWXUH RI WKH ILUVW
LPDJHLQWKHVHFRQGDVLPLODULW\IXQFWLRQLVXVHG,Q
SUDFWLFHDVLQJOHYDOXHLVQRWWKHXQLTXHVLJQDWXUHRI
D SRLQW KHQFH QHLJKERULQJ SL[HOV DUH XVHG 7KH
PDWFKLQJRILPDJHVDFTXLUHGE\RQO\RQHFDPHUDDW
GLIIHUHQW WLPHV RQ DQ REMHFW ZKLFK EHFRPHV GH
IRUPHG LV FDOOHG WHPSRUDO PDWFKLQJ RU WUDFNLQJ
)URP LWV SULQFLSOH WKH FRUUHODWLRQ WHFKQLTXH FDQ
IXQFWLRQFRUUHFWO\RQO\ZLWKREMHFWVKDYLQJDVXUIDFH
ZLWK D VXIILFLHQWO\ UDQGRP WH[WXUH ,I WKH REMHFW LV




,PDJH FRUUHODWLRQ SUHVHQWV WZR PDMRU GLVDGYDQ
WDJHV ILUVWO\ LW HQDEOHV RQO\ SODQH GHIRUPDWLRQV WR
EH PHDVXUHG WKHQ IURP DQ H[SHULPHQWDO SRLQW RI
YLHZ LW UHTXLUHV WKHGHIRUPDWLRQSODQH DQG WKH LP
DJHSODQHRIWKHFDPHUDWREHSDUDOOHODQGUHPDLQVR
GXULQJWKHWHVWEXWWKLVLVGLIILFXOWWRJXDUDQWHH7KH








DO  2EWDLQLQJ WKLV GDWD LQYROYHV WKH FDOLEUD
WLRQ RI WKH VWHUHRVFRSLF YLVLRQ VHQVRU 7KH FDOLEUD
WLRQRIDFDPHUDLVDQLPSRUWDQWVWDJHLQGLPHQVLRQDO
PHWURORJ\ E\ DUWLILFLDO YLVLRQ&DOLEUDWLQJ D FDPHUD
FRQVLVWV LQGHWHUPLQLQJ LWV LQWULQVLFSDUDPHWHUV&D
OLEUDWLQJ D VWHUHRYLVLRQ VHQVRUPDGH XS RI WZR GH
SHQGHQW FDPHUDV LQYROYHV GHWHUPLQLQJ WKH LQWULQVLF
SDUDPHWHUV RI HDFK FDPHUD DV ZHOO DV WKH SRVLWLRQ
DQGUHODWLYHRULHQWDWLRQRIERWKFDPHUDV7KHVHFDOL
EUDWLRQSDUDPHWHUVDUHQHFHVVDU\WRFDOFXODWHE\WUL
DQJXODWLRQ WKH WKUHHGLPHQVLRQDO FRRUGLQDWHV RI D
SRLQW FRUUHVSRQGLQJ WR SL[HOV PDWFKHG LQ WKH WZR
LPDJHV7KHPDWFKLQJRI WZRDFTXLUHG LPDJHVDW D
JLYHQPRPHQWE\WZRGHSHQGHQWVWHUHRVFRSLFFDP
HUDV LV FDOOHG PDWFKLQJ E\ VWHUHRFRUUHODWLRQ 7KH
PHDVXUHPHQW RI ' GLVSODFHPHQW ILHOGV XVLQJ VWH
UHRYLVLRQ LPSOHPHQWV VLPXOWDQHRXVO\ D WHPSRUDO
PDWFKLQJ WHFKQLTXH DQG D VWHUHRFRUUHODWLRQPDWFK
LQJ 7KH FRUUHODWLRQ WHFKQLTXH FDQ DOVR EH XVHG WR
VHHN VWHUHRFRUUHVSRQGHQWV VWDUWLQJ IURP D SDLU RI
VWHUHRVFRSLF LPDJHV 1RWH WKDW DQ HVVHQWLDO GLIIHU
HQFHGLVWLQJXLVKHVWHPSRUDOPDWFKLQJE\FRUUHODWLRQ
IURPPDWFKLQJ E\ VWHUHRFRUUHODWLRQ LQ WKH FDVH RI




7ZR GLJLWDO FDPHUDV DFTXLUH GLJLWDO LPDJHV ZLWK D
E\SL[HOGHILQLWLRQ7KHVHLPDJHVDUHWKHQ
FRPSXWHG E\ $UDPLV ' VRIWZDUH *20 PE+
7KLV GHYLFHPDNHV LW SRVVLEOH WRPHDVXUH GLVSODFH
PHQW DQG VWUDLQ RQ WKH VXUIDFH RI DQ REMHFWZLWK D
UHVROXWLRQ RI  WR  PP LQ VWUDLQ &DOLEUD
WLRQ LV WKH IXQGDPHQWDO VWDJHZKLFKSUHFHGHV IUDPH
JUDEELQJ$FDOLEUDWLRQSODWHRIDVL]HHTXLYDOHQW WR
WKH PHDVXUHPHQW VXUIDFH LV SODFHG DW D IL[HG GLV
WDQFH 'XULQJ WKLV SURFHVV VHYHUDO LPDJHV RI WKH
SODWH DUH WDNHQ LQYDULRXVSRVLWLRQV7KHFDOLEUDWLRQ
SODWHLVFRQVWHOODWHGZLWKZKLWHSRLQWVDWNQRZQGLV
WDQFHV 7KH SUHFLVLRQ REWDLQHG GXULQJ FDOLEUDWLRQ LV
ORZHU WKDQ WKHSL[HOZKLFKFRUUHVSRQGV WRDQHUURU
RI D IHZPLFURQV LQGLVSODFHPHQW$UDPLV VRIWZDUH
LV DEOH WR UHFRJQL]H WKHSRLQWVRI DQ LPDJHE\JUH\
OHYHODQDO\VLV WKURXJK WKHDSSOLFDWLRQRQ WKHPHDV
XUHGREMHFWRIEODFNDQGZKLWHSDLQWZKLFKJHQHUDWHV
WKHYDULDEOHJUH\OHYHOVRQWKHVXUIDFHRIWKHREMHFW
$ JUH\ OHYHO ILJXUH FRGHG RQ  ELWV FRUUHVSRQGV WR
HDFKSL[HORI WKH&&'VHQVRU$VXFFHVVLRQRIVHY
HUDOSL[HOVWDNHQRQWKHVDPHOLQHIRUPVDJUH\OHYHO
VHTXHQFH FDOOHG JUH\ OHYHO GLVWULEXWLRQ 7KH IXQGD





UHODWLRQ GRPDLQV ZKLFK DUH [ SL[HO JDWKHULQJ
]RQHV

7KHGHILQLWLRQRI VDPSOHV LV WDNHQ IURP WKHVWDQ
GDUG1)7 RQ WKH GHWHUPLQDWLRQ RI WKH DGKH
UHQFHRIHODVWRPHUXVLQJWKHVDPSOHFDOOHGTXDGUXSOH
VKHDU)LJXUH7KHZDUSLQJLVGHILQHGE\WKHUDWLR
EHWZHHQ KDOI GLVSODFHPHQW DQG WKH WKLFNQHVV RI WKH
HODVWRPHU 7KH UHVXOWV DQDO\VLV DUHD LV [PLOOL
PHWHUV%\ WDNLQJ LQWRDFFRXQWKDOIGLVSODFHPHQWRI
TXDGUXSOH VKHDU WHVWLQJ DSSUR[LPDWHO\ PLOOLPH
WHUVZHXVHGDFDOLEUDWLRQSODWHRI[PLOOLPH
WHUV DV VKRZQ LQ )LJXUH  7KH FDOLEUDWLRQ RI WKH
PHDVXUHPHQW GHYLFHZDV FDUULHG RXWZLWK PLOOL
PHWHUVREMHFWLYHV7KHFDOLEUDWLRQGLVWDQFHVWDQGDUG




 WR  SL[HOV LH DSSUR[LPDWHO\ RQH
PLFURPHWHU LQ GLVSODFHPHQW 7KH DXWRPDWLF IUDPH







7KHTXDOLW\RI LPDJHV DQGJUH\ OHYHOVDSSOLHGRQ










WHVW WKH JUH\ OHYHOV GLVDSSHDU EHFDXVH RI WKH KLJK
ZDUSLQJRIWKHHODVWRPHUZKLFKLQGXFHVSDLQWSHHO
LQJ)RU WKHRWKHUV WHVWV WKHJUH\ OHYHOZDVDSSOLHG
XVLQJ EODFN SDLQW DQG ZKLWH VLOLFRQH 7KH FRDW RI
EODFNSDLQWLVWKLQRQWKHHODVWRPHUVLOLFRQHLVXVHG
IRU LWV FKDUDFWHULVWLFV RI HORQJDWLRQ XQGHU GHIRUPD
WLRQ7KLVFRQILJXUDWLRQHQDEOHGGXULQJFDOFXODWLRQ
UHVXOWV ZLWK FRQVLGHUDEOH ZDUSLQJ  WR EH
UHDFKHG7KHWKLUGWHVWHQDEOHGWKHWHVWLQJRIDFRQIL
JXUDWLRQZLWKRXWWKHDSSOLFDWLRQRIEODFNSDLQWRQWKH
HODVWRPHU ZKLFK LV QDWXUDOO\ GDUN JUH\ 7KH JUH\
OHYHO LV DSSOLHG XVLQJ ZKLWH VLOLFRQH RQO\ DQG WKH




6WUDLQ FDOFXODWLRQ LV FDUULHG RXW IURP WKH GLV
SODFHPHQW PHDVXUHPHQW XVLQJ WKH *UHHQ/DJUDQJH
VWUDLQWHQVRU&RQWUDU\WRVPDOOSHUWXUEDWLRQDVVXPS
WLRQV WKLV WHQVRU HQDEOHV DGGLWLRQDO WHUPV IRU ODUJH
GHIRUPDWLRQV WR EH WDNHQ LQWR DFFRXQW ,Q RUGHU WR
FDOFXODWH GLVSODFHPHQWV DQG VWUDLQV IRU DOO DFTXLVL
WLRQVWKHUHLVDFDOFXODWLRQSRLQWHYHU\SL[HOVWKH
VL]HRIZKLFKLV[SL[HOVFRUUHODWLRQZLQGRZ







(ODVWRPHU IDLOXUHZDVREVHUYHG IRUDQDYHUDJH ORDG
RI  1HZWRQ DQG D PDFKLQH GLVSODFHPHQW RI
DSSUR[LPDWHO\ PLOOLPHWHUV ZDUSLQJ7KH



















7KLV VWXG\ UHODWHV WR WKHH[SHULPHQWDO UHVXOWVRE
WDLQHG IRU ZDUSLQJ VKHDU VWUDLQ Ȗ[\ LQ GHJUHHVFRPSDUHG WR WKHRUHWLFDOZDUSLQJ LQ ,QJHQHUDO
WKH LQIRUPDWLRQ LV HQWLUHO\ DYDLODEOH DW DQ\SRLQWRI
WKHHODVWRPHUXSWRWKHRUHWLFDOZDUSLQJRIDQG
LV SDUWLDOO\ H[SORLWDEOH XS WR $OO WKH UHVXOWV




)LJXUH  SUHVHQWV WKH H[SHULPHQWDO UHVXOWV RE
WDLQHG IRU WKHRUHWLFDOZDUSLQJ RI  LQGLVSODFH
PHQWV IRU WKH WKUHH GLUHFWLRQV 'LVSO;  GLVSODFH
PHQWSHUSHQGLFXODUWRWKHWHQVLOHGLUHFWLRQ'LVSO<
GLVSODFHPHQW LQ WKH WHQVLOH GLUHFWLRQ'LVSO=  GLV
SODFHPHQW SHUSHQGLFXODU WR WKH PHDVXUHPHQW VXU
IDFH DQG LQ VWUDLQV RQ WKH PHDVXUHPHQW VXUIDFH
(SVLORQ;  VWUDLQDORQJ;D[LV(SVLORQ<  VWUDLQ
DORQJ WHQVLOH <D[LV 6KHDU $QJOH  VKHDU VWUDLQ LQ
WKH;<SODQH

7KH VWHUHRFRUUHODWLRQ PHDVXUHPHQW HQDEOHV WKH
UHVXOWV WREHGLVSOD\HGRYHUWKHZKROHPHDVXUHPHQW
VXUIDFH LQFOXGLQJ WKH HGJHV RI WKH VDPSOH ,W DOVR




WRPHU RI DSSUR[LPDWHO\  PP LV WR EH QRWHG














WKH WHVWV WKHGLVSODFHPHQWV ILHOGVREWDLQHGRQ WKUHH








FRQQHFWLRQV WHVWHG WZR FRQQHFWLRQV VWXGLHG SHU
VDPSOH LOOXVWUDWHV WKH FRQVLGHUDEOH LQFLGHQFHRI OR
FDOGHIHFWV ODFNRIERQGLQJDWHQGRIRYHUOHQJWK±
)LJXUHRQWKHVWUDLQVZLWKLQWKHHODVWRPHUDVSUH
VHQWHG LQ)LJXUH ,Q WKHFRQWLQXDWLRQRI WKHVWXG\









































$ ILQLWH HOHPHQW DQDO\VLV RI WKH EHKDYLRU RI WKH
TXDGUXSOHVKHDULQJVDPSOHZDVFDUULHGRXWE\LQWUR
GXFLQJ WKH SUHYLRXVO\ GHVFULEHG $OH[DQGHU¶V ODZ
7KLVDQDO\VLVZDVFDUULHGRXWLQQRQOLQHDUXQGHUWKH
6$0&()0HFDQRPRGXOHVRIWZDUHXQGHUWKHSODQH
VWUHVV DVVXPSWLRQV $OH[ &3 DQG ' $OH[ '
7KHDLPRIWKHVHFRPSDULVRQVLVWRFKHFNWKHUHOHY
DQFHRIWKHEHKDYLRUODZUHWDLQHGERWKDWJOREDODQG
DW ORFDO OHYHO &RPSDULVRQVEHWZHHQQXPHULFDODQG
H[SHULPHQWDOUHVXOWVDVDZKROHZHUHFDUULHGRXWDU
ELWUDULO\DWDZDUSLQJOHYHORI7KHFXUYHVJLY
HQ EHORZ VKRZ WKH HYROXWLRQ RI WKH WKHRUHWLFDO GLV
SODFHPHQWV DORQJ WKH D[HV RI WKH UHIHUHQFH FR
RUGLQDWHV\VWHPGHILQHGLQ)LJXUHIRUOLQHVDWYDUL







QRWH WKDW WKHSODQHVWUHVVDVVXPSWLRQ LVQRWHQWLUHO\
VXLWDEOH,QWKHFRQWLQXDWLRQRIWKHVWXG\WKHUHVXOWV





7KH H[SORLWDWLRQ RI GLVSODFHPHQWV LQ WKH HODVWRPHU
WKLFNQHVV LQLWLDOO\HQDEOHV UHDGMXVWPHQWRI WKHPRG
HOOLQJDVVXPSWLRQV<RXQJPRGXOXVZRUNLQJWKLFN
QHVVDQGDOVRDQLQLWLDO LGHDRI WKHWKLFNQHVVRI WKH
LQWHUSKDVH]RQHHODVWRPHU]RQHZLWKDGKHVLYHWREH
REWDLQHG7KH)LJXUHSUHVHQWVWKHVXSHULPSRVLWLRQ
RI WKH VWUDLQ ILHOGV DFFRUGLQJ WR *UHHQ/DJUDQJH
REWDLQHG H[SHULPHQWDOO\ DQG QXPHULFDOO\ IURP WKH
PRGHO DGDSWHG LQ WKLFNQHVV LQFOXGLQJ IDLOXUH RI 









SHDNVRQDOO WKH WHUPVRI WKH*UHHQ/DJUDQJHVWUDLQ
WHQVRU )LJXUH +RZHYHU WKLVSKHQRPHQRQ LV QRW
DW DOO QRWHGH[SHULPHQWDOO\7KH)LJXUH LOOXVWUDWHV






gxy (experimental) gxy (Theoretical FEM) 
)LJXUH  7KHRUHWLFDO )($ DQG H[SHULPHQWDOZDUSLQJ DW HQG
RIFRQQHFWLRQ

$VHQVLWLYLW\ VWXG\RI WKHPHVKLQJ LQ)(VKRZHG
WKDW WKLV SKHQRPHQRQ ZDV H[DFHUEDWHG ZKHQ WKH
PHVKZDVUHILQHG9DULRXVDWWHPSWVPRGHOLQJRIWKH
DGKHVLYH ZLWK DQ HODVWRSODVWLF ODZ PRGHOLQJ RI D
FRQQHFWLRQ EHWZHHQ H[WHUQDO SODWH DQG RYHU OHQJWK
GLGQRWHQDEOHWRHUDVHWKLVORFDOEHKDYLRUYDULDWLRQ
,Q FRQFOXVLRQ VLQFH WKHRUHWLFDO RYHUVWUHVV LV WR EH
IRXQG RQ VRPH HOHPHQWV LQ HODVWRPHU DQG EHFDXVH
WKHH[SHULPHQWDOUHVXOWVGRQRWVKRZWKLVSKHQRPH
QRQ DW DOO WKLVSKHQRPHQRQ LV OLNHO\ WRKDYHDSUL
PDULO\QXPHULFDORULJLQ
,QRUGHUWRMXVWLI\WKLVUHVXOWZHXVHGDQRWKHUIXOO
ILHOG PHDVXUHPHQW WHFKQLTXH FDOOHG (OHFWURQLF
6SHFNOH3DWWHUQ,QWHUIHURPHWU\(63,ZKLFKLVXVHG
PRUHSDUWLFXODUO\ LQ WKHFDVHRI ILHOGPHDVXUHPHQWV
RI VPDOO GLVSODFHPHQWV DQG VWUDLQV *LYHQ WKDW WKH
QXPHULFDO VWUHVVSHDNRFFXUVZKDWHYHU WKH ORDG WKH
PHDVXUHPHQWE\(63,ZDVFDUULHGRXWIRUWKHRUHWLFDO
ZDUSLQJ ORZHU WKDQ%\ WKLV H[SHULPHQWDOPHD




&KDUDFWHUL]DWLRQ WHVWV LQ TXDGUXSOH VKHDULQJ RQ
1%5W\SHHODVWRPHUZHUHIROORZHGE\LPDJHVWHUHR
FRUUHODWLRQ XS WR KLJK ZDUSLQJ OHYHOV RYHU 
ZDUSLQJ5HSURGXFLELOLW\UHOLDELOLW\DQGDFFXUDF\RI
PHDVXUHPHQWV ZHUH HYDOXDWHG WKURXJK VHYHUDO VXF
FHVVLYH WHVWVZKLFK VKRZHG WKDW WKLV WHFKQLTXHZDV
ZHOODGDSWHG WR WKH IXOOILHOG PHDVXUHPHQW RI GLV
SODFHPHQWDQGVWUDLQ]RQHVXSWRZDUSLQJ

7KH H[SHULPHQWDO UHVXOWV REWDLQHG E\ WKLV WHFK
QLTXHZHUH WKHQFRPSDUHGZLWK WKH UHVXOWVRI ILQLWH
HOHPHQWDQDO\VLVFDUULHGRXWLQ'IRUYDULRXVZDUS









RYHUVWUHVV LQ WKLV DUHD $IWHU D WKRURXJK VWXG\ E\
(63, WKH FRQFOXVLRQRI WKHQXPHULFDO RULJLQRI WKH
QRWHGHGJHHIIHFWVLVFRQILUPHG

7KLV VWXG\ LOOXVWUDWHV WKH FRQWULEXWLRQ ZKLFK D
QRQFRQWDFW IXOOILHOG RSWLFDO PHDVXUHPHQW PHWKRG
VXFKDVGLJLWDOLPDJHVWHUHRFRUUHODWLRQFDQPDNHWR





&KHYDOLHU /	0DUFR< 7RROV IRUPXOWLD[LDO YDOLGD
WLRQRI EHKDYLRU ODZV FKRVHQ IRUPRGHOLQJK\SHUHODVWLFLW\
RI UXEEHUOLNHPDWHULDOV3RO\PHU(QJLQHHULQJDQG6FLHQFH

*DUFLD'2UWHX --	3HQD]]L / $ FRPELQHG WHP
SRUDOWUDFNLQJDQGVWHUHRFRUUHODWLRQWHFKQLTXHIRUDFFXUDWH













0LVWRX 6 .DUDPD0 'HVPDUV % 3HUHV 3 3LURQ (	
+HXLOOHW3$SSOLFDWLRQGHODPpWKRGHGHVWpUpRFRUUp








pODVWRPqUHV IRUWHPHQW QRQ OLQpDLUHV SDU GHV
ORLV G
$OH[DQGHU ,QWHUQDWLRQDO 5XEEHU &RQIHUHQFH 
0D\/\RQ
:DWWULVVH % &KU\VRFKRRV $0XUDFFLROH -0 	1HPR]
*DLOODUG 0  $QDO\VLV RI VWUDLQ ORFDOL]DWLRQ GXULQJ
WHQVLOHWHVWVE\GLJLWDOLPDJHFRUUHODWLRQ([SHULPHQWDO0H
FKDQLFV
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